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Management of recurrent carotid stenosis: 
Should asymptomatic lesions be 
treated surgically? 
Thomas F. O'Donnel l ,  Jr., MD, Agustin A. Rodriguez, MD, John E. Fortunato,  MD, 
Haro ld  J. Welch, MD, and William C. Mackey, MD, Boston, Mass. 
Purpose: The purpose of this study was to determine factors that may influence patient 
selection for surgery in recurrent carotid stenosis (RCS) and to contrast the r sults of 
primary and secondary carotid endarterectomy (CENDX) with regard to operative mor- 
bidity and stroke prevention. 
Methods- Forty-eight patients who underwent CENDX for RCS (RCS-OP group) were 
compared with a contemporaneous group of 40 patients who on at least orte post-CENDX 
duplex ultrasonography study had a greater than 50% stenosis but did not undergo 
operation (RCS-NO-OP group). This latter group was drawn from 1053 follow-up duplex 
studies in 348 patients who underwent primary CENDX between the years 1983 and 
1993. Each of these two groups was compared with a metanalysis ofsix key series derived 
from the literature. 
Results: No significant differences were seen in the demographics or the incidence of 
risk factors between the two groups except for a higher incidence ofcoronary artery disease 
(p < 0.03) and peripheral vascular disease (p < 0.001) in the RCS-OP group. The 
operation-specific stroke rate was 2.1%, and the 30-day mortality was also 2.1%. 
Symptomatic RCS was the indication in 56% ofcases. Important anatomic differences were 
found between groups. The duplex/arteriographic degree of stenosis was greater than 90% 
in 75% of the patients in the RCS-OP group, whereas only 10% of the patients in the 
RCS-NO-OP group had greater than 80% stenosis, most being in the 50% to 80% fange. 
An unexpected fmding was the sudden progression to occlusion in 10 (25%) of 40 in the 
RCS-NO- OP group, with 2 (5 % ) of 10 of the ocdusions presenting as unheralded strokes. 
Overall, a stroke without an antecedent transient ischemic attack occurred in 3 (7.5%) of 
40 of patients in the RCS-NO-OP group, all in patients with greater than 75% stenosis on 
their last documented scan preceding the stroke. 
Conclusion: Given the relatively low stroke rate with surgery in the RCS-OP group 
(2.1%) and the higher incidence of unheralded strokes (7.5%) in the RCS-NO-OP group, 
a more aggressive approach may be warranted in patients with asymptomatic high-grade 
(>75%) RCS, a strategy not unlike that adopted for primary CENDX. (J Vasc Surg 
1996;24:207-12.) 
Although the number of carotid endarterecto- 
mies decreased in the late 1980s because of concern 
about the actual stroke rate associated with the 
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procedure, the beneficial effect of carotid endarter- 
ectomy (CENDX) combined with low perioperative 
stroke/death rate as suggested by the recent North 
American Symptomatic Carotid Endarterectomy 
Trial ~ and Asymptomatic Carotid Atherosclerotic 
Study 2trials has led to an increased volume ofcarotid 
endarterectomies being performed. Carotid endar- 
terectomy is the most durable of vascular proce- 
dures, but approximately 2% to 5% ofprimary carotid 
endarterectomies require surgery for recurrent ca- 
rotid stenosis (RCS)? s Therefore there should be an 
absolute increase in the number of patients with 
recurrent carotid stenosis who may require surgery. 
Mthough most physicians agree that symptomatic 
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RCS merits urgery, controversy exists regarding the 
indications for operation in asymptomatic but he- 
modynamically significant RCS. Some studies on 
the "natural history" of the asymptomatic RCS 
lesion have concluded that it is a benign condition 6 
and that it is associated with a low neurologic 
event rate. 7,8 It is generally believed that myoin- 
timal hyperplasia is responsible for recurrences 
within the first 2 years and that this type of lesion 
is less prone to embolization because of a smooth, 
firm surface. Endarterectomies performed on these 
patients usually manifest a hard, difficult to "peel" 
plaque that is smooth and pearly white, in con- 
tradistinction to "typical" atherosclerotic lesions, 
which tend to look rougher and have the pres- 
ence of ulccrs and intraplaque hemorrhages. These 
lesions are also believed to occur more frequently in
women. Indeed, Bernstein 9 suggested (regarding 
patients with early recurrence) "More surprising, 
however, is the likclihood that such patients (RCS) 
are actually protected against future cerebrovascular 
events." This conservative approach is furthered by 
the belief that the strokc rate is higher with surgery 
for RCS than with primary CENDX. Recurrence 
resulting from atherosclerosis u ually occurs beyond 
3 years from the primary endarterectomy, and it 
appears to present with symptoms more often than 
not. 
Proponents of surgery for asymptomatic hemo- 
dynamically significant RCS cite a stroke and death 
rate for RCS surgery that is almost comparable 
to that of primary CENDX. 4,1° In addition, the 
long-term stroke prevention after surgery for RCS 
is beneficial, being equal to primary CENDX, as 
one ofour earlier studies uggested. 4 Finally, because 
the results of the Asymptomatic Carotid Athero- 
sclerotic Study trial demonstrated a stroke preven- 
tion benefit for asymptomatic lesions with primary 
CENDX, a similar result may be extrapolated to the 
asymptomatic RCS lesion as long as perioperative 
mortality and stroke morbidity are minimal. Un- 
derlying the rationale for surgery on the asymptom- 
atic RCS lesion is that the natural history of such a 
stenosis justifies urgery. The purposes of this article 
are (1) to compare our results with surgery for RCS 
with a metanalysis derived from six key series in the 
literature, (2) to contrast he natural history of 
asymptomatic RCS in our patient population to a 
metanalysis ofkey series in the literature, and finally, 
(3) to examine risk factors uch as degree ofstenosis 
and plaque characteristics for the subsequent devel- 
opment of neurologic events with asymptomatic 
RCS. 
METHODS 
Patient population. The records of 44 patients 
who underwent 48 operations for recurrent carotid 
stenosis (RCS-OP group) were reviewed and com- 
pared with those of a contemporaneous group of 35 
patients who received primary carotid endarterecto- 
mies and who on at least one duplex scan had a greater 
than 50% stenosis on follow-up. None of these pa- 
tients had undergone reoperaUon (RCS-NO-OP 
group). These 40 vessels were derived from a seiles of 
1053 follow-up duplex studies in 348 patients who 
underwent operation between 1983 and 1994 at our 
institution. Only patients who underwent primary 
CENDX at our institution were included in this study. 
Demographic data for both groups were entered into 
a commercially available spreadsheet program (Excel, 
Microsoft Corporation) for subsequent data analysis. 
Operative technique. The details of out surgical 
rnethods for primary and recurrent carotid stensois 
surgery have been published before 4,11 and will only 
be briefly summarized here. All patients undergoing 
surgery for RCS underwent operation while under 
general anesthesia. Shunting was used selectively and 
was based on characteristic changes on intraoperative 
electroencephalography monitoring. Although there 
was variabilityin the use ofpatches for primary carotid 
endarterectomies, all carotid operations for RCS in- 
volved both endarterectomy and patching. 
Postoperative follow-up. Duplex ultrasonogra- 
phy has been used in our institution since 1983, so all 
patients returning for follow-up after CENDX have 
undergone routine duplex examination to assess the 
status of their operated carotid artery and their con- 
tralateral caroud artery. Under that protocol patients 
were examined at 6 weeks, 3 months, and on a yearly 
basis thereafter. Ifa patient had evidence ofrecurrent 
stenosis or had neurologic symptoms, he or she was 
monitored on a more frequent basis. Most of these 
studies were carried out with the Biosound Phase II 
instrument (Biosound, Inc., Indianapolis, Ind.). 
Most recently, duplex ultrasonography studies were 
carried out with an ATL Ultramark 9 instrument (Ad- 
vanced Technologies Laboratories, Bothell, Wash.). 
The degree of stenosis in the common and internal 
carotid arteries was characterized as follows: normal, 
less than 30%, 30% to 49%, 50% to 74%, 75% to 99%, 
and total occlusion. Standard morphologic and Dopp- 
ler spectral criteria were used to define the degree of 
stenosis (Table I). Plaque morphologic condition was 
described as intimal thickening, soft plaque, smooth 
plaque, complex plaque (with or without ulceration), 
and hard plaque. Occlusion was defined by the charac- 
teristic duplex scan criteria of( l )  a speckled nonho- 
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Table I. Duplex criteria to establish severity of stenosis 
Open contralateral ICA Occluded contralateral ICA 
Percent stenosis Spectral broadening PSV EDV PSV EDV 
Normal None <125 - -  <125 - -  
<30% Minute (late systole) <125 <125 <140 
31%-49% Minute (holosystolic) <125 <125 >125 <155 
50%-79% Moderate >125 <140 >140 <155 
80%-99% Marked >125 >140 >140 >155 
Occluded No ICA Doppler . . . .  
PSV, Peak systolic velocity in centimeters per second; EDV, end diastolic velocity in centimeters per second; ICA, internal carotid artery. 
Table II. Comparison of patient characteristics of surgically treated recurrent stenosis (RCS-OP) with 
asymptomatic recurrent stenosis (RCS-NO-OP) 
RCS-OP (%) RCS-NO-OP (%) p Value 
No. of patients 44 35 
No. of procedures 48 40 
Age (yr) 64.47 64.2 0+46 
Interval to reoperation (mo) 45.43 N/A  
Male/female 33:11 (75) 20:15 (57) 0.09 
Left/right 34:14 (71) 22.18 (55) 0.12 
CAD 22 (50) 11 (31) 0.03* 
HTN 30 (68) 25 (71) 0.66 
PVD 23 (52) 11 (31) 0.02* 
Tobacco 29 (66) 19 (54) 0.09 
Diabetes 8 (18) 4 (11) 0.79 
Hyperlipidemia 14 (32) 8 (23) 0.43 
CAD, Coronary artery disease; HTN, hypertension; PVD, peripheral vascular disease. *Significant (p < 0.05). 
mogeneous thrombus occluding the lumen, (2) lack 
of lateral expansion of the arterial wall on B-mode, 
and (3) Doppler spectral criteria of an absent signal at 
or above the occlusion. 
RESULTS 
RCS-OP Group 
Demographics. Table II contrasts the demo- 
graphics for the 48 carotid endartcrectomies from 44 
patients to those of the 40 vessels with RCS not un- 
dergoing surgery. No differencc was seen in mean agc 
between the two groups. The time from the primary 
CENDX to surgery for RCS averaged 45.4 months. 
Although more male patients wcrc in the RCS-OP 
group (75%) than in the RCS-NO-OP group (57%), 
this differcnce did not reach statistical significance. 
Clinical evidence of coronary artery disease and pe- 
ripheral vascular disease was statistically grcater in the 
RCS-OP group, 50% versus 31% for the former group 
and 52% versus 31% for the latter group. No differ- 
ence was seen betwccn the two groups in the propor- 
tion of patients who were hypertensive, smoked to- 
baceo, or were hyperlipidemic. Only a small propor- 
tion ofboth groups was diabetic. 
Twenty-seven percent of our patients underwent 
surgery for RCS within the first 2 years after their 
primary carotid endarterectomy, which is comparable 
to the 35% incidence found in the metanalysis (Table 
III). Most of the patients, 73%, underwent heir 
surgery for a late developing lesion (>2 years), again 
comparable to the results obtained from the met- 
analysis. When the incidence of symptoms was related 
to the interval from primary endarterectomy, only 
39% of patients undergoing repeat surgery within 2 
years of the primary operation had symptoms. By 
contrast, 77% of vessels were symptomatic n the 
group that underwent surgery beyond 2 years after 
their original operation (Table III). Again, these 
differences uggest that patients who underwent 
operation for early recurrence did so on the basis of 
the presence of a highly stenotic lesion, whereas the 
indication for surgery in patients who had late recur- 
rence was the onset of symptoms independent of the 
absolute degree ofstenosis. For the group as a whole, 
56% of the operations were for symptomatic disease, 
with the commonest indication being ipsilateral tran- 
sient ischemic attack (TIA) (42%). Two (4%) of the 
patients had an antecedent stroke, and a similar num- 
ber had amaurosis fugax. Twenty-two (44%) vessels 
underwent surgery for asymptomatic recurrent ste- 
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Table I I I .  Time of surgery for recurrent carotid stenosis after primary carotid endarterectomy 
<_2 years (%) >2 years (%) 
Proportion undergoing surgery 13 (27) 35 (73) 
Proportion symptomatic 5 (39) 27 (77) 
Angiogram stenosis >90% 11 (85) 5 (14) 
Table IV. Perioperative complications in the 
RCS-OP group 
Complication No. (%) 
TIA 2/48 (4.2) 
Stroke 1/48 (2.1) 
Transient cranial nerve palsy 9/48 (18.9) 
Cranial nerve X and II Paresis 1 
Superior laryngeal 2 
Recurrent laryngeal 2 
Cranial nerve VII/Horncr's 2 
Hypoglossai 2 
Wound hematoma 2/48 (4.2) 
Myocardial infarction 3/48* (6.3) 
Hypertension 5/48 (10.5) 
Death 1/48 (2.1) 
*One of the three myocardial infarctions resulted in the only 
perioperative death. 
nosis. When the results from prcoperative arteriogra- 
phy are related to the interval from primary carotid 
endartercctomy, 85% of the vcssels that underwent 
surgery at less than 2 years had more than 90% stenosis 
(Table III). By contrast, only 14% ofthose vessels that 
underwent surgery after 2 years had a critical (>90%) 
stenosis. 
Postoperafive results. The operation-specific 
stroke rate was 2.1%, or one paticnt, and the opera- 
tion-specific mortality was also 2.1%. The single 
mortality in this series occurred in a 75-year-old man 
with symptomatic coronary artery disease (angina at 
rest) who 8 years previously had undergone a coro- 
nary bypass procedure. Hc had undergone a persan- 
tine-thallium scan before the surgery for RCS, and 
it was grossly positive. A subsequent cardiac atheter- 
ization demonstrated nonreconstructible coronary 
artery disease. Because the patient was having cre- 
scendo TIAs, he underwent carotid endarterectomy 
and was discharged on the third postoperative day. He 
returned 3 days later with chest pain and electrocar- 
diographic hanges that prompted an urgent coro- 
nary angioplasty. Unfortunately, the patient had a 
reinfarction and died of cardiac failure 3 days later. 
Two TIAs developed uring the operation (Table 
1V). Three patients (6.3%) had a postoperativc myo- 
cardial infarction, one of which resulted in the sole 
perioperative d ath. Hypertension rcquiring a longer 
than 12-hour stay in the recovery room was encoun- 
tered in five (10.5%) patients. Two wound hemato- 
mas requiring operative drainage occurred. Finally, 
nine (18.9%) patients had transient cranial nerve 
palsies. Two pafients had a superior laryngeal nerve 
injury, two pafients had a recurrent laryngeal nerve 
injury, one patient had a marginal mandibular branch 
nerve injury, and two other patients had hypoglossal 
nerve palsies. As mentioned, all of these were tran- 
sient. 
Duplex characteristics. The site of maximal di- 
ameter eduction in those patients undergoing sur- 
gery for RCS was predominantly in the internal 
carotid artery in 80% of cases. No specific plaque 
characterisfic was predictive for the development of
neurologic symptoms. A soft homogeneous plaque 
with a smooth surface was most common and was 
found in those patients who either subsequently 
had atherosclerosis or myointimal hyperplasia n their 
pathologic specimen. 
RCS-NO-OP Group 
The comparative demographics have been dis- 
cussed previously. Only the incidence ofsymptomatic 
coronary artery disease and peripheral vascnlar disease 
was lower in this group. These patients had been 
monitored for a mean of 62.7 months after primary 
CENDX. Of the 40 vessels with greater than 50% 
stenosis on follow-up duplex scan, 21 were in the 50% 
to 74% range, 9 were in the 75% to 99% range, and 10 
were occluded. The site of maximal diameter reduc- 
tion was located in the common carotid/bifurcation 
area in 14 of 21 vessels with 50% to 74% stenosis, 5 of 
21 were in the internal carotid artery, and 2 of 21 
involved both sites. The anatomic sites of recurrent 
stenosis in the 75% to 99% group were evenly distrib- 
uted between the common carotid artery (five of 
nine) and internal carofid artery (four ofnine). Nine 
of the carotid occlusions involved the internal artery, 
whereas one also involved the common carotid artery. 
Table V relates the degree of stenosis to the develop- 
ment of symptoms. Of  the 21 vessels in the 50% to 
75% range, one was associated with a TIA for a 
neurologic event rate of 4.7% for the vessels in that 
range ofstenosis. By contrast, of the nine vessels in the 
75% to 99% range (higher grade stenosis), two strokes 
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Table V. RCS-NO-OP Duplex degree of stenosis in relation to stroke (n = 40, _>50%) 
Duplex percent stenosis 50% to 75% 75% to 99% Occlusion Total (%) 
n 4 9 10 40 
Strokes 0 2 3 5 (12.5) 
TIA 1 1 3 5 (12.5) 
Total (%) 1 (4.7) 3 (33) 6 (60) 10 (25) 
occurred and one TIA developed, for a total ofthree 
(33%) of nine from that group having neurologic 
events. Finally, of the 10 occlusions, 3were associated 
with stroke and 3 with TIA for a total neurologic 
event rate of 60% for occluded carotid arteiles. Six 
(60%) of 10 developed within 2 years after the primary 
carotid endarterectomy. Of three duplex scans ob- 
tained within 6 months ofocclusion, two had greater 
than 50% stenosis. For the RCS-NO-OP group as a 
whole, 10 (25%) had neurologic events, ofwhich 5 
(I2.5%) were strokes. When plaque characteristics 
were analyzed, no consistent pattern predicted those 
plaques that led to development of symptoms. The 
degree ofstenosis, however, appeared more predictive 
in that three ofnine vessels with 75% to 99% stenosis 
developed strokes. This oecurrence seemed to be 
independent of when (early vs late) the recurrent 
stenosis developed. 
DISCUSSION 
This study supports the multiple previously men- 
tioned äuthors' experience with surgery for recurrent 
carotid stenosis; the procedure can be cariled out 
safely with both low stroke and mortality rates. Our 
results, with a stroke rate of 2.1% and a single fatality 
from a myocardial infarction, yielded a combined 
stroke/death rate of4.2%--not statistically different 
from our experience for pilmary carotid endarter- 
ectomy. The results from a metanalysis of six key 
seiles reported in the literature. 3,5,7,12d4 showed a 
4.2% stroke rate and 1% mortality for a combined 
stroke/death rate of 5.2%. The cardiovascular mor- 
bidity after surgery for RCS was comparäble to that 
encountered with primary carotid endarterectomy. 
By contrast, the number of wound hematomas re- 
quiring drainage were higher in our seiles and in the 
metanalysis ofRCS (where reported). Like any other 
repeat vascular procedure the incidence of nerve 
injury was higher, averaging 8.5% in the metanalysis 
and 16% for our seiles (all in our series were tran- 
sieht). In those series that report specific nerve 
injuries, hypoglossal and recurrent laryngeal nerve 
paresis was most common, similar to our seiles. 
Most of the patients in our seiles underwent 
surgery for symptomatic RCS (56%), which reflects 
the larger experience from the six seiles used in the 
metanalysis, where 338 (70.4%) of 480 of the vessels 
were symptomatic. Similar to our seiles, a greater 
percentage ofpatients underwent operation for RCS 
that developed beyond 2years after pilmary CENDX: 
281 (65%) of 480. When symptoms were related to 
the time of RCS surgery, a greater proportion of 
patients undergoing surgery 2 years after primary 
carotid endarterectomy had symptoms in those two 
reports in which the data were provided: 22 of 29 s and 
26 of 32. ~3 This proportion is compatible with our 
expeilence, where 77% of patients in the group that 
underwent surgery 2 years or later after primary 
CENDX had symptoms. It might be concluded, on 
the basis of both our expeilence and a metanalysis of 
the literature, that surgery for RCS is safe and 
associated with a low but slightly higher stroke rate 
than that for primary CENDX. Local wound and 
cranial nerve morbidity is higher with RCS surgery. 
Our earlier study 4 and more recent studies 12d4 sup- 
port the long-term benefits of reoperative carotid 
surgery for stroke prevention. The cumulative stroke- 
free rate after surgery for RCS is comparable to that 
for primary CENDX. 4 
Usually, patients with symptomatic recurrent ca- 
rotid stenosis are considered candidates for surgery. 
By contrast, there is debate about whether patients 
with asymptomatic, early, recurrent carotid stenosis 
should undergo repeat carotid endarterectomy. On 
the basis of their experience with 301 patients who 
underwent carotid endarterectomies and follow-up 
duplex scan in which only two had a stroke, Healy et 
al. ó concluded that asymptomatic RCS does not 
require surgical intervention. By contrast, Zborni- 
kova et al. 15 observed five strokes in 143 patients who 
had serial duplex scan follow-up after carotid endar- 
terectomy. Most of these studies, however, failed to 
discriminate between high-grade RCS (>80%) and 
more moderate (50% to 80%) RCS) 618 Our data 
suggest that a significant difference exists in the 
incidence of neurologic events between these two 
stenotic ranges. Only 1 TIA developed in the 21 
vessels in the 50% to 74% stenosis group, whereas one 
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T IA  and t-wo strokcs developed in the ninc vcssels 
with 75% to 99% stenosis. In contrast o previous 
suggestions from our group 19 about  the predictive 
nature o fRCS plaque morphologic  haracteristics for 
neurologic event, no specific plaque characteristic 
predicted evelopment o f  a T IA  or stroke with RCS. 
Carot id occlusion has been considered to be a 
relatively benign event and is not  usually associated 
with major neurologic symptoms. Cont inuat ion of  
neurologic symptoms after occlusion are generally 
believed to be unusual. Our  serics showed that 6 o f  
the 10 occlusions, however, had symptoms. Three o f  
those patients had a stroke. The subsequent fate o f  an 
occluded carotid artery is not  always a benign asymp- 
tomatic course. The Joint Study on Extracranial 
Disease 2° showed that 35 o f  359, or 10%, o focc luded 
arteries developed a new stroke on the occ luded side. 
A detai led fol low-up study by Cote et al. 21 demon-  
strated a 5% per year stroke rate distal to the occluded 
carotid artery. The relativcly high stroke rate with 
carotid occlusion associated with RCS in our experi- 
ence coupled with the possible 5% stroke rate after 
occlusion are compel l ing reasons to prevent carotid 
occlusion. 
CONCLUSION 
Surgery for recurrent carotid stenosis has a com- 
paratively low stroke rate but  is associated with a 
higher wound and cranial nerve complicat ion rate 
than pr imary carotid endarterectomy. Most  patients 
who undergo surgery for RCS have symptoms. This 
study, however, supports the content ion that repeat 
carotid endarterectomy should be offered to a greater 
number  ofpat ients  with asymptomatic RCS, because 
our results have shown a particularly high event rate 
for those patients with greater than 75% stenosis. 
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